ABSTRACT -The objective of this study was to evaluate the mass of the forage and of the morphological components, and the sward structure in Piata palisadegrass (Brachiaria brizantha cv. Piata) deferred in function of different initial heights and nitrogen levels. Two levels of nitrogen (75 and 150 kg/ha) and one control without fertilization associated to three initial deferring heights (20, 30, and 40 cm) were evaluated. The design was of completely randomized blocks with three replications in a subdivided plot scheme. A raise in the initial deferment height and in the fertilization elevated the sward and extended tiller heights, the leaf area index, and the light interception by the sward. The piata palisadegrass deferred with an initial height of 40 cm presented a higher forage mass with lower percentage of leaf blades, and higher stem and dead tissue quantity.
Introduction
Deferment is the management strategy in which a certain area of the pasture is excluded from the grazing, aiming at the accumulation of forage during the period of plant growth, for future utilization at time of scarcity. For being a simple management strategy and of lower production cost, once the forage harvest is performed by the animal itself, it is considered of easy application at the management of pastures.
Deferred pastures are associated with the presence of elevated forage mass with low nutritive value. The advancement at maturity of forage plants results in higher quantity of reproductive and fallen tillers (Santos et al., 2009a) and dead tissues, whereas it causes increase in the neutral detergent fiber content and reduces the crude protein of the forage (Santos et al., 2009b) . However, these observations must not be generalized, once adequate management considerations, such as time and period of deferment, forage species, initial height of the pasture, nitrogen level, among others, have commanding effect on the nutritive value and the structure of the deferred pasture (Fonseca & Santos, 2009 ).
The sward structure and the management actions at the beginning of deferment can affect the quality of the deferred forage. It is known that nitrogen fertilization modifies the growth and development rates of the forage plant and, consequently, production of forage (Martuscello et al., 2005 (Martuscello et al., , 2006 . Similarly, the initial height of the sward affects the foliage area, and hence, the interception of photosynthetically active radiation, which also determines the growth rate (Sousa et al., 2010 (Sousa et al., , 2011 and forage production (Difante et al., 2009) . Therefore, it is important to evaluate the effects of nitrogen fertilization and initial height of plants on the structural characteristics of the sward.
Several studies have been developed aiming at the investigation of the effects of management practices, such as duration of the deferment period, nitrogen fertilization and initial height of the sward on the structure of the deferred pasture on B. decumbens (Santos et al., 2009a,b) . However, studies with deferred Piata Palisadegrass (B. brizantha cv. Piata) are scarce. Thus, this study was conducted to establish adequate criteria for the correct utilization of deferred Piata palisadegrass in the region of Viçosa -MG, by means of evaluation of forage mass and other descriptive characteristics of the structure of sward management with different initial heights and nitrogen levels.
Material and Methods
The experiment was performed in the period from March 20 to July 1st, 2010, in the Setor The climate of the region of Viçosa, according to the Köppen classification, is of Cwa type, with annual rainfall around 1,340 mm and mean relative air humidity of 80%. The climatic data recorded during the experimental period were obtained at the meteorological station of the Departamento de Engenharia Agrícola of UFV, located at about 1,000 m from the experimental area (Table 1) .
The soil was classified as Red-Yellow Argissoil of loam-clayey texture (EMBRAPA, 2006) , and, according to the results of the chemical analysis, performed at the beginning of the experimental period, on the 0-20-cm layer, it presented the following characteristics: pH in H 2 O: 5.50; P: 1.40 (Mehlich-1) and K: 36.00 mg/dm 3 ; Ca 2+ : 2.10; Mg 2+ : 0.70 and Al 3+ : 0.00 cmol c /dm 3 (KCl 1 mol/L). Based on these results, the liming was not done. At the beginning of the deferment period (3/20/2010), 50 kg/ha P 2 O 5 were applied in the form of single superphosphate, and 60 kg/ha K 2 O, in the form of potassium chlorite.
Combinations between conditions of nitrogen fertilization, randomized to the plots (27.6 m 2 ), and sward heights at the beginning of the deferment period, randomized on the subplots (9.2 m 2 ) were evaluated. Nitrogen doses were 75 and 150 kg/ha plus control without nitrogen; initial heights were 20, 30 and 40 cm. The design was completely randomized with three repetitions, in a subdivided-plots arrangement. The criterion utilized for the definition of the blocks was the variation of the relief of the experimental area.
The experimental area was subdivided with the aid of wood stakes, in nine plots. Each plot, in turn, was subdivided into three subplots of 9.2 m 2 that, not considering the boundaries, had floor area of 5.0 m 2 .
The Piata palisadegrass remained deferred for 73 days, with the beginning of the fall and the end of deferment in the winter (3/20 to 7/1/2010). On the day of the start of the experiment, the Piata palisadegrass had about 50 cm average height and was lowered by means of mechanical cut for the respective heights assessed. On the initial deferment date, pre-programmed nitrogen doses were applied, in the form of ammonium sulphate. Because of the presence of sulfur in the ammonium sulphate, this nutrient was corrected in the plots which received different nitrogen doses, by means of powdered sulfur. Both were applied in a single dose, and at the end of the afternoon. After the fertilization, the area was watered to elevate soil moisture and reduce possible nitrogen losses by volatilization. On the last deferment day (7/1/2010), all the evaluations in Piata palisadegrass were performed.
The mensuration of light interception by the sward, from the leaf area index and the leaf angle in relation to the soil (leaves, stem and dead tissue) was performed by utilizing a Plant Canopy Analyzer LAI 2000 (LI-COR ® ) in two random spots per experimental unit. In each spot, one reading above the sward and five on the soil surface were taken.
Measurements of sward and extended tiller height were performed on 10 spots per experimental unit. Sward height in each spot was determined by scale graduated in centimeters, and had the distance between the skyline of plants top and soil as criterion. Extended tiller height was measured by extending five tillers from the grass in the vertical direction and noting the longest distance from the soil to the tip of the leaves. The plant falling index, calculated by the quotient between the extended tiller height and sward height (Santos et al., 2009a) , aimed at determining the degree of lodging verified in some deferred pastures.
For the determination of forage mass and morphological components, the cut of all tillers within a 0.16-m 2 square in two areas representing the average condition of the sward in each experimental area was performed, close to the ground. Samples were conditioned in plastic bags, and weighted in the lab. From each sample, two subsamples were taken; one was weighted, conditioned in paper bag and sent to forced-ventilation oven for 72 h, and the other was manually separated into green leaf blade, green stem and dead tissue. Inflorescence and green leaf sheath were incorporated into the green stem fraction. The part of the leaf blade that did not present senescence signs (green organ) was incorporated into the green leaf blade fraction. Parts of stems and senescent and dead leaf blades (with yellowing or necrotizing of the organ) were incorporated into the dead tissue fraction. After separation, the components were dried in forced-ventilation oven at 65 ºC for 72 h, and then weighed. The bulk density of the forage and morphological components, expressed in kg/ha.cm was calculated by the division of the masses of forage and their morphological components by the sward height, respectively.
All the evaluation procedures were done on the last day of deferment (7/1/2010), with data analyses performed through the software SAEG (Sistema para Análises Estatísticas, version 8.1.) For each characteristic, comparison was made between the marginal means of the primary (nitrogen dose) or secondary (initial height of deferment) factor levels. When the interaction between the factors was significant, comparison of the levels of a factor separately for each level of the other factor was made. The means of the factors were compared by the Tukey test at a significance level of 5% probability of type I error.
Results and Discussion
There was interaction (P<0.05) between the initial deferment height and the nitrogen dose for the heights of the sward and extended tiller, leaf area index and light interception. Overall, these were lower in the Piata palisadegrass deferred without nitrogen fertilization, intermediary in those fertilized with 75 kg/ha of nitrogen and higher in those fertilized with 150 kg/ha of nitrogen ( Table 2) . The elevation at the initial deferment height, when the Piata palisadegrass was deferred without nitrogen and with 75 kg/ha of nitrogen, resulted in increase in the heights of the sward and extended tiller and light interception. Piata palisadegrass deferred with greater initial heights and fertilized with 75 kg/ha of nitrogen presented even higher foliage area index ( Table 2 ). The change in the initial deferment height did not alter sward and extended tiller heights, leaf area index or light interception when the Piata palisadegrass was deferred with 150 kg/ha of nitrogen (Table 2) . These results occurred because the elevation at the initial deferment height results in greater foliage area at the beginning of regrowth (Sousa et al., 2010 (Sousa et al., , 2011 and, consequently, in higher photosynthetic capacity of plants (Parsons, 1988) , which increase the growth and green leaf blade development rates of the sward. Nitrogen, in turn, increases the number of living cells under division and stimulates cell lengthening (Schnyder et al., 2000) , accelerating the growth and green leaf blade development rates of plants (Martuscello et al., 2005 (Martuscello et al., , 2006 .
The absence of nitrogen fertilization generated a sward structure with lower leaf area index (Table 2 ) and bigger leaf angle (49, 45 and 34º for the doses of 0, 75 and 15 kg/ha of nitrogen, respectively), determining lower light interception by the sward. Plants with bigger leaf angle presented a more upright pattern, and, thus, intercept smaller amount of light with the same leaf area when compared with plants with a more horizontal pattern (lower leaf angle).
Contrarily, all the possible combinations between the doses of 75 and 150 kg/ha of nitrogen with the initial heights of 20, 30 and 40 cm resulted in light interception values higher than 95%. Above 95% light interception, the accumulation of forage is also reduced, once there is decrease in the percentage of leaves and increase in the amount of stems and dead tissues, which creates a structure unsuitable for the forage intake by animals (Trindade et al., 2007) . However, the use of the management criterion based on the interception of 95% of the light has not been used in the management of deferred pasture, once it is necessary to guarantee enough forage accumulation for the use during the time of scarcity (Fonseca & Santos, 2009 ). The light interception in deferred pastures is, almost always, higher than 95%. This fact makes the pasture deferment be associated with the elevated amount of forage, although of low quality. The elevated amount of forage associated with animal supplementation by means of protein salts, multiple mixtures or energy-protein supplements depending on the productive system (Reis et al., 2009 ) would result in better animal performance during the time of forage shortage. However, Santos et al. (2009c) , evaluating deferred pastures of B. decumbens for 73, 103, 131 and 163 days, verified that high forage mass may not result in better animal performance, even utilizing supplementation. According to the authors, longer deferment periods would result in higher forage masses, although with lower amount of leaves and bigger amount of stems and dead tissues. In the situation mentioned, there was also more tiller falling, and the pasture presented reduced contents of crude protein and potentially digestible dry matter, in spite of high percentages of neutral detergent fiber. This response pattern affected negatively the performance of the cattle at the post-weaning phase, which expressed average daily gain of 0.692; 0.518; 0.390 and 0.445 kg/animal.day when kept on the deferred pastures for 73, 103, 131 and 163 days, respectively. These results reveal that the structure of the deferred pasture is as important for the animal performance as the amount of forage. Thus, even if the purpose of the deferment is the accumulation of forage for the off season, it is not pertinent to extend the deferment period too much, avoiding the excessive maturation of the forage plant, and, consequently, providing better structure of the deferred pasture (Fonseca & Santos, 2009 ).
The falling index (Santos et al., 2009a) allows analyzing better the effect of variation in sward and extended tiller heights on the lodging degree of plants. This variable was not affected (P>0.05) by the initial deferment height or nitrogen levels, presenting mean values of 1.10 and 1.13, respectively. This result contrasts those obtained by Santos et al. (2009a) on deferred pastures of B. decumbens, where they found higher sward lodging as the nitrogen level increased. However, the Piata palisadegrass has more rigid and less flexible stem, when compared with B. decumbens. This is the reason why, even with increase in sward and extended tiller heights, the falling index did not change. Moreover, it is possible that the deferment period to which the Piata palisadegrass was subjected (73 days) also contributed to the absence of plant falling.
The masses of forage and morphological components was affected (P<0.05) by the initial deferment height. The initial height of 40 cm resulted in greater forage mass, followed by the 30-cm height, and lastly by the 20-cm height (Table 3 ). The elevation in sward height results in greater foliage area at the beginning of regrowth (Sousa et al., 2010 (Sousa et al., , 2011 and, consequently, higher photosynthetic capacity, increasing the speed of regrowth. Logically, as the deferment duration was the same the higher speed of regrowth determined elevation in forage mass.
Although it increases forage mass, the use of initial height at the deferment above 20 cm reduced the percentage of leaf blades and increased the amount of stems and dead tissues (Table 3) . It is worth remarking that the Piata palisadegrass deferred with higher nitrogen doses presented, in the winter, light interception above 95% (Table 2 ). This indicates that the intraspecific competition for light was fierce (Da Silva & Nascimento Júnior, 2007) . In this condition, the accumulation of leaf blades decreases, while the lengthening of stems increases (Barbosa et al., 2007; Da Silva et al., 2009 ) as a way to allocate the newest leaves to the top of the sward. This greater competition for light generates even more shading on the lower part of the sward, increasing senescence and death of young leaf blades and tillers (Lemaire, 2001) . The initial deferment heights did not bring differences (P>0.05) at the bulk density of the forage, which was, on average, 123.2 kg/ha.cm. However, the bulk densities of leaf blades, stems and dead tissue were affected (P<0.05) by the initial deferment heights. The Piata palisadegrass deferred with initial heights with 30 and 40 cm presented lower bulk density of leaf blade and greater bulk densities of stems and dead tissues (Table 3) .
The lower percentage and bulk density of leaf blades indicate that the Piata palisadegrass deferred with initial heights of 30 and 40 cm yields forage of lower qualities, once the leaf is the morphological component of the plant that has best nutritive value (Van Soest, 1994) and that the maximum intake occurs when the animals are in pastures with high density of accessible leaves (Euclides et al., 1999) . Furthermore, the ingestive behavior of animals is sentient to variations in the structure of the forage sward (Palhano et al., 2007) . Therefore, the bigger presence of stems may restrict forage intake, for being a physical barrier to defoliation, reducing the ease of harvesting by the grazing animal (Carvalho et al., 2005) . In order to avoid these negative effects on the forage quality and on the structure as the initial height of the sward is elevated, the possibility of retarding the beginning of the deferment is regarded. Thus, one can obtain qualitative and quantitatively similar forage production, by adopting the production scheduling by means of deferment in different times and periods (Fonseca & Santos, 2009) , since the environmental conditions (photoperiod, temperature, soil moisture) are not too limiting to plant growth.
The masses of forage and morphological components were also affected (P<0.05) by nitrogen levels. Greater forage production was obtained on the Piata palisadegrass fertilized with 150 kg/ha of nitrogen, intermediate production on that soil fertilized with 75 kg/ha of nitrogen and lower on that with absence of nitrogen (Table 4) . Nitrogen stimulates division and lengthening of the cell (Schnyder et al., 2000) , accelerating plant growth and development rates, increasing the accumulation of forage and affecting the sward structure (Duru & Ducrocq, 2000; Gastal et al., 1992) . The Piata palisadegrass deferred with absence of nitrogen fertilization presented lower amount of leaves and stems and bigger amount of dead tissue. On the other hand, the utilization of 150 kg/ha of nitrogen raised the production of leaves and stems and reduced the percentage of dead tissue (Table 4) .
The bulk density of the forage and its components was also affected (P<0.05) by nitrogen fertilization. The bulk density was higher at the deferred Piata palisadegrass with 150 kg/ha of nitrogen (Table 4) , indeed as a reaction to the acceleration in the growth pace of plants by the use o nitrogen (Pereira et al., 2010) . The utilization of 150 kg/ha of nitrogen resulted, yet, in greater bulk densities of leaves and stems and smaller densities of dead tissues. The absence o nitrogen, in turn, generated a sward structure with lower bulk density of leaves and stems and higher density of teat tissue (Table 4) .
In fact, the utilization of nitrogen increases forage mass (Table 4) . However, the utilization of 150 kg/ha of nitrogen resulted in greater mass and bulk density of stems. As discussed previously, the greater production of stems may limit the forage intake because of the lower nutritive value and physical constraints to the performance of the bite (Carvalho et al., 2005) . Similarly to what was suggested for deferment heights, the possibility of reduction in the deferment period is considered when high doses of nitrogen are used, as a way to take advantage of the greater growth of plants, without compromising the sward structure or the forage quality. Logically, the environmental conditions at the moment of deferment can be too limiting to pasture growth. Contrarily, the absence of nitrogen fertilization reduced the population of leaves and the bulk density of leaves, and increased production and bulk density of dead tissue, which can also negatively affect forage intake. The results confirm the importance of nitrogen fertilization, not only to increase pasture production, but also as a way to replace the nutrients of the soil, keeping the sustainability of the productive system.
Conclusions
The initial sward height and the nitrogen dose modify the structural characteristics of the deferred pasture of Piata palisadegrass. Piata palisadegrass deferred in midMarch with initial height of 30 cm and fertilized with 75 kg/ha of nitrogen presents adequate structure after the deferment.
